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Background: We aimed to identify molecular epidermal growth factor receptor (EGFR) tissue biomarkers in pancreatic cancer (PC) 
patients treated with the anti-EGFR agent erlotinib within the phase 3 randomised AIO-PK0104 study. 

Methods: AIO-PK0104 was a multicenter trial comparing gemcitabine/erlotinib followed by capecitabine with capecitabine/erlotinib 
followed by gemcitabine in advanced PC; primary study end point was the time-to-treatment failure after first- and second-line therapy 
(TTF2). Translational analyses were performed for KRAS exon 2 mutations, EGFR expression, PTEN expression, the EGFR intron 1 and 
exon 13 R497K polymorphism (PM). Biomarker data were correlated with TTF, overall survival (OS) and skin rash. 

Results: Archival tumour tissue was available from 208 (74%) of the randomised patients. The KRAS mutations were found in 70% 
(121 out of 173) of patients and exclusively occurred in codon 12. The EGFR overexpression was detected in 89 out of 181 patients 
(49%) by immunohistochemistry (IHC), and 77 out of 166 patients (46%) had an EGFR gene amplification by fluorescence in-situ 
hybridisation (FISH); 30 out of 171 patients (18%) had a loss of PTEN expression, which was associated with an inferior TTF1 (first- 
line therapy; HR0.61, P=0.02) andTTF2 (HR0.66, P = 0.04). The KRAS wild-type status was associated with improved OS (HR 1.68, 
P = 0.005); no significant OS correlation was found for EGFR-IHC (HR 0.96), EGFR-FISH (HR 1 .22), PTEN-IHC (HR 0.77), intron 1 (HR 
0.91) or exon 13 R497K PM (HR 0.83). None of the six biomarkers correlated with the occurrence of skin rash. 

Conclusion: The KRAS wild-type was associated with an improved OS in erlotinib-treated PC patients in this phase 3 study; it 
remains to be defined whether this association is prognostic or predictive. 
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EGFR pathway in advanced pancreatic cancer 



During the last decade, several molecular agents targeting different 
pathways have been investigated for the treatment of patients with 
advanced pancreatic cancer (PC) (Stathis and Moore, 2010). 
However, only the oral epidermal growth factor receptor (EGFR) 
tyrosine kinase inhibitor erlotinib has shown a statistically 
significant (but clinically moderate) OS benefit when added to 
standard chemotherapy with gemcitabine in a large randomised 
phase 3 trial (Moore et al, 2007; Stathis and Moore, 2010). 
Erlotinib is a small molecule that targets the erbBl/HERl receptor 
(EGFR) by inhibiting intracellular receptor transphosphorylation, 
thereby blocking downstream signal transduction pathways such as 
the PI3K-AKT-PTEN network or the RAS-RAF-MAPK-MEK- 
ERK cascade (Ng et al, 2002). 

In advanced PC, several clinical (e.g. stage of disease or 
performance status) and biochemical (e.g. serum tumour marker 
CA 19-9) factors with a prognostic significance have already been 
identified (Boeck et al, 2007, 2010). In contrast, validated 
molecular prognostic markers or even predictive biomarkers for 
the treatment efficacy of biological agents (such as erlotinib or 
cetuximab) are still lacking in PC. All phase 3 trials investigating 
biologicals in PC have included unselected patient populations and 
up to now, only limited data have been published on translational 
substudies from large multicenter phase 3 trials. In other disease 
entities such as colorectal cancer (CRC) or non-small-cell lung 
cancer (NSCLC) — where anti-EGFR treatment strategies also have 
been studied widely — several predictive biomarkers for agents such 
as cetuximab, panitumumab, erlotinib or gefitinib were identified 
including mutations in the KRAS gene, activating mutations in 
EGFR exons 18 to 21 as well as the EGFR expression level 
(Heinemann et al, 2009; Heist and Christiani, 2009; Pirker et al, 
2012). In advanced PC, only the authors of the erlotinib pivotal 
PA.3 trial (n = 569) recently reported a translational biomarker 
analysis on KRAS mutation (n = 117) and EGFR gene copy 
number (n = 107) in a subset of their study patients. Within this 
post-hoc analysis, neither KRAS mutational status nor the EGFR 
gene copy number was predictive for a survival benefit from the 
combination of gemcitabine plus erlotinib (Da Cunha Santos et al, 
2010). 

Previous reports investigating potential prognostic and/or 
predictive molecular biomarkers of the EGFR pathway in PC were 
mainly derived from small, often retrospective single-centre studies 
and not from prospective randomised trials (Immervoll et al, 2006; 
Lee et al, 2007; Tzeng et al, 2007b; Chen et al, 2010). In those 
studies, the presence of a KRAS codon 12 mutation was found to 
be a negative prognostic factor (Lee et al, 2007; Chen et al, 2010), 
whereas an increased EGFR gene copy number did not seem to 
have an impact on OS (Lee et al, 2007; Tzeng et al, 2007b). 
Of note, the incidence of activating mutations in exon 18-21 of the 
EGFR gene as well as in the BRAF proto-oncogene seemed 
to be very low (<2%) in pancreatic ductal adenocarcinoma 
(Immervoll et al, 2006; Lee et al, 2007). The tumour-suppressor 
gene and AKT-inhibitor PTEN may also have a role in the 
sensitivity to anti-EGFR agents, as suggested by several transla- 
tional analyses from metastatic CRC (Loupakis et al, 2009). In PC, 
no data on the prognostic or predictive role of PTEN (specifically 
in patients receiving anti-EGFR treatment) have been reported 
to date. 

Other groups focused on the investigation of EGFR gene 
polymorphisms that may regulate the EGFR gene transcription 
level and also could have a prognostic and/or predictive impact on 
outcome parameters. In addition, hypothesis-generating data 
suggest that EGFR gene polymorphisms may also be associated 
with the occurrence of skin rash, an important side-effect of anti- 
EGFR treatment known to correlate with survival. In pre-clinical 
and early clinical studies, a highly polymorphic CA dinucleotide 
repeat in the intron 1 of the EGFR gene was found to have a 
prognostic role after PC surgery, to mediate in-vitro response to 



erlotinib, and to correlate with the occurrence of skin rash 
(Amador et al, 2004; Tzeng et al, 2007a; Huang et al, 2009; Frolov 
et al, 2010; Klinghammer et al, 2010). In addition, for the R497K 
PM in exon 13 of the EGFR gene a prognostic role was previously 
suggested in patients with CRC and NSCLC (Wang et al, 2007; 
Sasaki et al, 2009). 

The aim of this explorative translational biomarker study based 
on the prospective AIO-PK0104 trial was: first, to assess the 
feasibility of translational research in PC multicenter phase 3 
studies; second, to determine the frequency of alterations of 
components of the EGFR pathway and of EGFR gene polymorph- 
isms within the study population and third, to correlate biomarker 
data with the efficacy (time-to-treatment failure and OS) and safety 
end points (skin rash) from the clinical data set. 



MATERIALS AND METHODS 



Translational patient population. For the AIO-PK0104 phase 3 
trial adult patients (aged 18-75 years) with a histologically or 
cytologically confirmed diagnosis of treatment- naive, advanced, 
exocrine PC (stage III and IV) were eligible. Overall, 281 patients 
were randomised and 274 patients were classified eligible for the 
intention-to-treat (ITT) population (Heinemann et al, 2012). 
Archival formalin-fixed paraffin-embedded (FFPE) tissue, which 
was obtained during routine diagnostic procedures, was requested 
retrospectively from the participating centres/pathologists for this 
translational study. Cytological specimens were not suitable for this 
analysis. The FFPE histological tissue was accepted independent of 
its origin, for example surgical or biopsy specimens from primary 
pancreatic tumour, lymph nodes or distant metastases. The study 
had approval of the ethical committees in all participating German 
centres and patients gave written informed consent before any 
study-specific procedure. This study was conducted according to 
GCP/ICH guidelines and according to the Declaration of Helsinki 
and was registered at ClinicalTrials.gov, number NCT00440167. 

Analyses of molecular tissue biomarkers. The translational 
analyses from AIO-PK0104 were performed centrally at the 
University of Munich, Department of Pathology (Max-Borst 
Laboratory for Cancer Research) by JN, AJ and TK. All obtained 
FFPE tumour blocks were checked for quality, tissue integrity and 
tumour content (HE staining) by a pathologist (JN) in a blinded 
manner. Tumour tissue was enriched by hand-guided micro- 
dissection using scalpel blades. Genomic DNA was extracted using 
QIAamp DNA FFPE micro or DNAeasy micro Kits (Qiagen, 
Hilden, Germany) according to the manufacturer's instructions. 
Such DNA was used as a template in PCRs together with Hot Star 
Taq DNA Polymerase (Qiagen) and gene-specific primers 
(Supplementary Table SI). 

KRAS exon 2 mutation. Mutations in codons 12 and 13 of the 
KRAS proto-oncogene were investigated by pyrosequencing using 
KRAS exon 2-specific primers and PyroMark Gold kits (Qiagen). 
Pyrosequencing was performed employing a PyroMark Q24 device 
(Qiagen) as described previously (Neumann et al, 2009). 

Epidermal growth factor receptor expression. Protein expression 
of the EGFR was analysed using a monoclonal mouse anti-EGFR 
antibody (pre-diluted CONFIRM EGFR antibody, clone 5B7; 
Ventana Medical Systems, Tucson, AZ, USA) and was performed 
on a Ventana Benchmark XT autostainer using the XT Ultra View 
diaminobenzidine kit (Ventana Medical Systems). EGFR-IHC 
(immunohistochemistry) scoring (0-3) was performed blinded by 
JN and RE based on a previously published score for PC (Ueda 
et al, 2004). The following staining parameters were taken into 
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account: percentage of positive cells, membrane or cytoplasmic 
staining, complete or incomplete staining. For this study, only 
samples with a score of 2 or 3 were judged as EGFR-IHC positive 
(Ueda et al, 2004). 

The EGFR gene amplification was analysed by fluorescence 
in-situ hybridisation (FISH) assays, which were carried out on 
4 urn tissue sections containing representative tumour cells. 
The FISH assay was performed with the SPEC EGFR/CEN 7 
Dual Color Probe (Zytovision, Bremerhaven, Germany) accor- 
ding to the manufacturer's instructions. Analyses were done 
by one observer (RE) using a fluorescence microscope: a minimum 
of 100 tumour cell nuclei was scored according to the number of 
green (EGFR gene) and red (centromere region of chromosome 7) 
signals observed and grouped into six different categories 
(Cappuzzo et al, 2005; Da Cunha Santos et al, 2010). Samples 
with polysomy high or amplification were regarded as EGFR-FISH 
positive. 

The PTEN expression. For the PTEN-IHC analyses, a monoclonal 
mouse anti-human PTEN antibody was used (clone 6H2.1; DAKO, 
Hamburg, Germany). After heat-induced epitope retrieval using 
Pro Taqs IV Antigen Enhancers (Quartett, Berlin, Germany) the 
primary antibody was incubated for 1 h at a dilution of 1 : 30. The 
slides were then washed and subsequently developed by addition of 
the detection system (ImmPRESS Reagent Kit Anti-MOUSE Ig, 
Vector Laboratories, Burlingame, CA, USA). The AEC + system 
(DAKO) was used as chromogen and the slides were then 
counterstained with hematoxylin (Vector Laboratories). To exclude 
nonspecific staining, system controls were included. As there are 
still no validated scoring systems to interpret staining for PTEN- 
IHC in PC, we adopted a score developed by Loupakis et al (2009) 
in CRC. For the PTEN-IHC scoring of 0-6 (performed blinded by 
JN and CG), the two parameters percentage of positive tumour 
cells and staining intensity were selected as described previously 
(Loupakis et al, 2009). Samples were defined as PTEN-IHC 
positive if the score was ^ 4. 

EGFR gene polymorphism (intron 1 and exon 13). The (CA)„ 
polymorphism found in intron 1 of the EGFR as well as the R497K 
(G>A) PM in exon 13 of the EGFR were investigated by 
subjecting PCR products to restriction fragment length poly- 
morphism analysis on a Genetic Analyzer 3130 (Applied 
Biosystems, Darmstadt, Germany) (intron 1) and by pyrosequen- 
cing on a Pyromark Q24 device (Qiagen) (exon 13) (Wang et al, 
2007; Tzeng et al, 2007a). For the statistical correlation the number 
of CA repeats was determined for both alleles separately but also 
the sum of both repeat numbers was calculated (Tzeng et al, 2007a; 
Frolov et al, 2010). For the EGFR exon 13 R497K PM, homozygous 
G on both alleles (Arg/Arg) was scored as wild-type sequence, 
whereas heterogeneous GA (Arg/Lys) or homogeneous A (Lys/Lys) 
on the two alleles were classified to be single-nucleotide 
polymorphisms (SNP) (Wang et al, 2007). 

Statistical analyses. All statistical analyses for the translational 
study of the AIO-PK0104 trial were performed centrally at the 
University of Munich, Institute of Medical Informatics, Biometry 
and Epidemiology by RPL and UM. Translational biomarker data 
were correlated with efficacy (time-to-treatment failure and OS) 
and safety study end points (skin rash) using univariate analyses. 
As appropriate, biomarker results were handled as dichotomous 
(e.g. KRAS mutation, EGFR-FISH positive vs EGFR-FISH 
negative) or continuous variables (e.g. linear-scoring system 0-6 
for PTEN-IHC). Time-to-event end points were analysed with the 
Kaplan-Meier method; differences were compared using the log- 
rank test with a two-sided P-value of <0.05 being regarded as 
statistically significant. 



RESULTS 



Patient characteristics. The FFPE tumour blocks were available 
from 208 of the 281 randomised patients (74%). The main reasons 
for not obtaining FFPE tissue in the remaining 73 cases were 
missing tissue according to the study centre or pathologist 
(n = 46), disease confirmation by cytology only (n = 13) or refusal 
of the pathologist to provide archival tissue (n = 7). The ITT study 
population consisted of 274 eligible patients, and 206 patients were 
eligible for the translational population; detailed patient character- 
istics are summarised in Table 1. With regard to important 
baseline parameters (e.g. age, gender, stage of disease, performance 
status), no significant imbalances between the ITT population and 
the translational study population were apparent. 

Frequency of alternations in molecular EGFR pathway biomar- 
kers. Within Table 2, each of the six analysed markers was 
categorised as a dichotomous variable and a correlation between 
selected baseline patient characteristics and molecular marker 
results were performed. 

KRAS exon 2 mutations (codon 12 and 13). The KRAS mutation 
analysis was technically successful in 173 cases, and a KRAS 
wildtype was detected in 52 FFPE tumour samples (30%). All 
mutations were within codon 12, with c.35G> A-p.G12D (n = 82 
out of 121, 68%) and c.35G>T-p.G12V (« = 26 out of 121, 22%) 
being the two most frequent mutations observed. The distribution 
of clinical patient characteristics did not differ significantly 
between the two subgroups of KRAS mutation and KRAS wild- 
type (Table 2); however, the median pre-treatment CA 19-9 level 
was significantly higher (P = 0.03) in the KRAS mutant compared 
with the KRAS wild-type subgroup. 

Expression by IHC and fluorescence in-situ hybridisation. 
EGFR-IHC was successfully performed in 181 cases, with 89 cases 
(49%) being classified as EGFR-IHC positive. The EGFR gene 
amplification was analysed in 166 patients, 77 (46%) of them were 
found to have an EGFR gene overexpression by FISH (EGFR-FISH 
positive). No correlation between EGFR-IHC and -FISH results 
was observed (P= 0.97; detailed data not shown). The distribution 
of relevant baseline characteristics between the two subgroups 
of EGFR-IHC positive vs EGFR-IHC negative and EGFR-FISH 
positive vs EGFR-FISH negative is summarised in Table 2, 
respectively. 

The PTEN expression by IHC. The PTEN-IHC data were 
obtained from 171 patients, and a loss of PTEN (score 0-3) was 
detected in 30 cases (18%). A detailed distribution of the results for 
the continuous PTEN score (0-6) is included in Table 4. 

Epidermal growth factor receptor intron 1 PM. The median 
number of CA repeats (sum of both alleles) in intron 1 of the EGFR 
gene was 34 (186 evaluable patients), with a range from 28 to 41. 
For dichotomising the EGFR intron 1 variable, we applied the 
previously reported cutoff point of 36 (according to Tzeng et al, 
2007a; Frolov et al, 2010; Table 2). No significant correlation 
between the EGFR expression by IHC (P=0.26) or FISH 
(P = 0.31) and the EGFR intron 1 PM was observed (data not 
shown). 

Epidermal growth factor receptor exon 13 R497K PM. In 194 
patient samples, the analysis of the EGFR R497K PM was 
technically successful: 112 (58%) showed the GG wild-type 
sequence, whereas 82 had either the GA or AA SNP. Also, for 
the exon 13 PM, no correlation with the EGFR expression by either 
IHC (P = 0.80) or FISH (P= 0.39) was apparent (data not shown). 
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Table 1. Baseline patient characteristics: Intention-to-treat population (n = 274) and translational study population (n = 206) 

























Intention-to-treat 






Translational 


n 




Gem + E= >Cap (n=143) 


Cap + E= >Gem (n=131) 


Gem + E = > Cap (n = 1 1 3) 


Cap + E= >Gem (n = 93) 


Parameter 


No. 


% 


No. 


% 


No. 


% 


No. 


% 


Age (years) 


Median 
Range 


65 
32-78 




63 
38-75 




65 
32-75 




64 
42-75 




Gender 


Male 
Female 


82 
61 


57 
43 


83 
48 


63 
37 


64 
49 


57 
43 


58 
35 


62 
38 


Stage of disease 


Locally advanced 
Metastatic 


21 
122 


15 

85 


22 
109 


17 

83 


17 
96 


15 
85 


16 
77 


17 
83 


Performance status 


KPS 60-80% 
KPS 90-100% 
Missing 

Previous surgery 


50 
85 

8 

8 


35 
59 

6 

6 


49 
79 
3 
17 


33 
60 
2 
13 


37 
70 

6 

7 


33 
62 

5 
6 


38 
55 
0 
13 


41 
59 
0 
14 


Weight loss durinc 


3 months before randomisation (kg) 












Median 
Range 


5 

0-47 




7 

0-45 




5 

0-47 




7 

0-45 




Baseline CA 19-9 (Uml 1 ) a 


Median 
Range 


1999 
1-700000 




1756 
1-1 000000 




1999 
1-700000 




1565 
1-1 000000 




TTF1 (months) 


Median 
P-value 


3.2 
P= 0.0034 




2.2 




3.2 
P=0.0089 b 




2.2 




TTF2 (months) 


Median 
P-value 


4.2 
P=1.0 




4.2 




4.1 
P=0.85 b 




4.0 




OS (months) 


Median 


6.2 




6.9 




5.7 




6.7 




P-value 


P = 0.90 








P=0.57 b 








Abbreviations: Cap = capecitabine; E = erlotinib; Gem = gemcitabine; KPS = Karnofsky 
TTF2 = time-to-treatment failure (first-line and second-line therapy). 
a n = 245 out of 274. 
^Exploratory analysis. 


performance status: OS = overall survival; TTF1 = time-to-treatment failure (first-line therapy); 



Patients with a GG wild-type sequence were more likely to have 
locally advanced disease compared with patients with a GA or AA 
SNP (21% vs 9%, P = 0.017; Table 2). 

Correlation of molecular EGFR pathway biomarkers with 
efficacy end points. Table 3 summarises the correlation of 
biomarker results (as dichotomous variables) with the study end 
points time-to-treatment failure for first-line (TTF1) and first and 
second-line therapy (TTF2) as well as OS. A significant correlation 
with TTF1 and TTF2 was observed for PTEN (HR 0.61, P = 0.02 
and HR 0.66, P = 0.04, respectively). The only biomarker that had 
a statistically significant impact on OS in this univariate analysis 



(HR 1.68, P= 0.005) was KRAS; however, no significant difference 
for TTF1 (HR 1.23, P=0.22) or TTF2 (HR 1.34, P = 0.09) was 
observed for patients with a KRAS wild-type vs a KRAS-mutated 
status, respectively (Table 3). The Kaplan-Meier plot for KRAS 
and OS is shown in Figure 1. The four biomarkers that were 
analysable as continuous variables were correlated with TTF1, 
TTF2 and OS with regard to each of their expression levels (if 
applicable, the lowest level/score thereby was set as HR= 1; see 
Table 4). None of the investigated markers reached the level of 
statistical significance in these analyses; however a nonsignificant — 
but at least consistent — trend for a prolonged TTF1, TTF2 and OS 
was evident for increasing levels of the PTEN score. Of note, none 
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of the six investigated markers showed a significant correlation 
with objective response (to first-line treatment) as determined by 
RECIST, version 1.0 (detailed data not shown). 

Correlation of molecular EGFR pathway biomarkers with skin 
rash. None of the six molecular biomarkers correlated with the 
occurrence of skin rash (any grade I-IV): the corresponding odds 
ratios for each marker (dichotomous and/or continuous variable, 
as appropriate) are summarised in Table 5. 



DISCUSSION 



_2 o 



5 c 



I 6 



E E a 

Sou 



AIO-PK0104 is one of the first phase 3 trials in advanced PC that 
was accompanied by a large translational research project. To date, 
only limited data on EGFR pathway biomarkers are available for 
PC, specifically in patients being treated with anti-EGFR agents 
such as erlotinib or cetuximab. In contrast to the biomarker results 
of the PA.3 study, we found a higher rate of KRAS wild-type 
patients within our translational study population (30% vs 21%), 
and a KRAS wild-type status was the only analysed marker 
associated with an improved OS in our patient population (Da 
Cunha Santos et al, 2010). Whether the favourable prognosis of 
KRAS wild-type patients is a prognostic phenomenon (e.g. 
independent of erlotinib treatment) or a predictive factor for 
erlotinib efficacy could not be clarified as erlotinib was applied in 
both trial arms. However, as there was no significant correlation 
of either TTF1 or the objective response rate (to first-line therapy) 
with the KRAS mutational status, one might hypothesise — 
based on the translational data from the AIO-PK0104 study — 
that KRAS may rather be a prognostic factor than predictive for 
erlotinib efficacy. The current KRAS data from the literature 
on this topic (summarised in detail within Supplementary 
Table S2) still remain conflicting to some extent, as there are 
studies that found no correlation at all of KRAS with OS (Da 
Cunha Santos et al, 2010), whereas others support the assump- 
tion that KRAS serves as prognostic biomarker in PC (Lee et al, 
2007; Chen et al, 2010; Ogura et al, 2012). In contrast, recent data 
from a retrospective, non-randomised single-centre analysis 
suggest that KRAS may rather be a predictive marker for erlotinib 
efficacy than a prognostic factor; this information obviously needs 
to be verified by a well-designed prospective study (Kim et al, 
2011). 

On the basis of our data, no correlation with efficacy end points 
was found for EGFR-IHC, EGFR-FISH, EGFR intron 1 or exon 13 
R497K PM (Table 3). Regarding the expression of PTEN, a trend 
for a worse outcome with regard to TTF1, TTF2 and OS was 
apparent for patients with PTEN-deficient tumours (when 
analysing PTEN as a dichotomous or as a continuous variable, 
respectively; see Tables 3 and 4). Thus, the loss of the tumour- 
suppressor PTEN may perhaps represent a prognostically unfa- 
vourable event also in PC (Loupakis et al, 2009; Feng et al, 2011). 
Therefore, one might conclude that the expression of the EGFR 
itself (determined either by IHC or FISH) does not serve as a 
relevant biomarker in advanced PC and that future translational 
research should focus on EGFR downstream signalling networks 
(such as the PI3K-AKT-PTEN and the RAS-MAPK-MEK-ERK 
cascade) as prognostic and/or predictive targets in patients treated 
with anti-EGFR agents. Furthermore, we were not able to confirm 
data from previous reports, suggesting an association of two EGFR 
PMs (intron 1 and exon 13 R497K) with efficacy outcome 
parameters or skin rash, respectively (Wang et al, 2007; Tzeng 
et al, 2007a; Huang et al, 2009; Sasaki et al, 2009). Of note, most of 
the existing evidence on the role of these two EGFR PMs was derived 
from diseases other than PC, and the exciting hypothesis-generating 
pre-clinical data in PC could — at least in part — not be transferred 
into the clinical setting (Tzeng et al, 2007a; Frolov et al, 2010). 
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Table 3. Correlation of biomarker results (dichotomous variables) with efficacy parameters: TTF1, TTF2 and OS 































Median TTF1 






Median TTF2 






Median OS 


I 


Biomarker (alteration) 


n 


Mo. 


HR (95% CI) 


P 


Mo. 


HR (95% CI) 


P 


Mo. 


HR (95% CI) 


P 


KRAS 
Wild type 
Mutation 


173 
52 
121 


2.9 
2.2 


1.23 (0.88-1.71) 


0.22 


4.2 

4 


1.34 (0.96-1.87) 


0.09 


7.9 
5.7 


1.68 (1.17-2.41) 


0.005 


EGFR-IHC 
Negative 
Positive 


181 
92 
89 


2.2 
3.1 


0.76 (0.56-1.02) 


0.07 


3.9 
4.1 


0.82 (0.60-1.11) 


0.19 


6.7 

6.9 


0.96 (0.71-1.31) 


0.8 


EGFR-FISH 
Negative 
Positive 


166 
89 
77 


2.5 
2.8 


0.90 (0.66-1.23) 


0.51 


4.1 
4.1 


1.03 (0.75-1.42) 


0.84 


6.9 

6.7 


1.22 (0.87-1.70) 


0.25 


PTEN-IHC 
Negative 
Positive 


171 
30 
141 


2 

2.4 


0.61 (0.41-0.92) 


0.02 


3 

4.1 


0.66 (0.44-0.98) 


0.04 


4.5 

6.8 


0.77 (0.51-1.17) 


0.22 


EGFR intron J PM 
CA repeats < 36 
CA repeats ^36 


186 
107 
79 


2.6 
2.8 


0.91 (0.67-1.22) 


0.52 


4.1 

4.4 


0.84 (0.62-1.14) 


0.25 


6.7 
6.9 


0.91 (0.67-1.24) 


0.55 


EGFR R497K PM 
GG 

GA/AA 


194 
112 
82 


2.4 
2.8 


0.88 (0.65-1.18) 


0.38 


4.1 

4.2 


0.90 (0.67-1.21) 


0.48 


5.8 
7.3 


0.83 (0.61-1.13) 


0.23 


Abbreviations: CI = confidence interval; FISH = fluorescence in-situ hybridisation; HR = hazard ratio; IHC ~ ir 
TTF1 = time-to-treatment failure 1; TTF2 = time-to-treatment failure 2. 


imunohistochemistry; Mo. = months; OS = overal 


survival; PM = polymorphism; 



Table 4. Correlation of selected biomarker results (analysable as continuous variables) with efficacy parameters: TTF1, TTF2, and OS 




TTF1 TTF2 



Biomarker (alteration) 


n 


HR (95% CI) 


P 


HR (95% CI) 


P 


HR (95% CI) 


P 


EGFR-IHC score 


181 














0 


7 


1 




1 




1 




1 


85 


0.91 (0.42-1.97) 




0.92 (0.43-2.00) 




1.03 (0.47-2.25) 




2 


48 


0.63 (0.28-1 .40) 




0.70 (0.31-1.55) 




0.84 (0.38-1.88) 




3 


41 


0.79 (0.35-1.78) 


0.22 


0.85 (0.38-1.92) 


0.48 


1.21 (0.54-2.73) 


0.46 


EGFR-FISH score 


166 














Trisomy low 


4 


1 




1 




1 




Trisomy high 


23 


0.77 (0.27-2.25) 




1.07 (0.37-3.16) 




2.36 (0.66-8.36) 




Polysomy low 


62 


0.81 (0.29-2.24) 




1.59 (0.57-4.42) 




3.01 (0.89-10.14) 




Polysomy high 


74 


0.72 (0.26-1.98) 




1.43 (0.52-3.97) 




3.28 (0.96-11.19) 




Amplification 


3 


0.92 (0.17-5.07) 


0.94 


1.43 (0.26-7.87) 


0.59 


2.72 (0.27-27.26) 


0.28 


PTEN-IHC score 


171 














0 


16 


1 




1 




1 




1 
2 


0 
7 


0.77 (0.32-1.89) 




0.69 (0.28-1 .68) 




0.87 (0.34-2.24) 




3 


7 


0.75 (0.31-1.84) 




0.61 (0.25-1.50) 




0.87 (0.34-2.23) 




4 


95 


0.59 (0.34-1.01) 




0.59 (0.34-1.02) 




0.84 (0.49-1 .43) 




5 


36 


0.45 (0.24-0.83) 




0.43 (0.23-0.79) 




0.60 (0.32-1.11) 




6 


10 


0.37 (0.17-0.83) 


0.09 


0.34 (0.15-0.77) 


0.07 


0.38 (0.16-0.88) 


0.17 


EGFR intron 1 PM 


186 


1.01 (0.95-1.07) 


0.7 


1 .00 (0.94-1 .06) 


0.93 


1 .02 (0.96-1 .08) 


0.54 



Abbreviations: CI = confidence interval; FISH = fluorescence in-situ hybridisation; HR = hazard ratio; IHC= immunohistochemistry; OS = overall survival; PM = polymorphism; PTEN, 
phosphatase and tensis homolog; TTF1 = time-to-treatment failure 1; TTF2 = time-to-treatment failure 2. 



One main limitation for translational research in PC arises from 
the fact that histological tumour tissue often is insufficient for 
detailed molecular analyses. Furthermore, different methods often 
require a sufficient amount of adequate tissue/tumour cells (e.g. 
FISH analyses), and thus it remains a challenge to obtain a full 



analysis data set with complete results for all tissue samples 
submitted to molecular analysis. We were able to obtain archival 
FFPE tissue from 208 of the 281 randomised patients; however, the 
overall sample size of our 'complete biomarker measurements set' 
was 138 patients only. These aspects on tissue quality and technical 
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Figure 1. Correlation between KRAS mutation status and OS. (n= 173, 
157 events). Black line, KRAS wild-type, Grey line, KRAS mutation. 



Table 5. Correlation of molecular EGFR pathway biomarkers with the 
occurrence of skin rash (any grades, I— IV) 









Dichotomous 
variable 


Continuous 
variable 


Biomarker 


n 


Odds ratio 


P 


Odds ratio 


P 


KRAS 


163 


0.96 


0.59 






EGFR-IHC 


170 


1.09 


0.22 


0.97 a 


0.37 a 


EGFR-FISH 


155 


1.03 


0.73 


1.18' 


0.74 a 


PTEN-IHC 


161 


0.91 


0.33 


1.09 a 


0.42 a 


EGFR intron 1 PM 


176 


0.93 


0.29 


0.99 


0.31 


EGFR R497K PM 


182 


1.1 


0.19 






Abbreviations: EGFR = epidermal growth factor receptor; FISH = fluorescence in-situ 
hybridisation; IHC= immunohistochemistry; KRAS = Kirsten rat sarcoma viral oncogene; 
PM = polymorphism; PTEN = Phosphatase and tensin homolog. 
a Single odds ratio for lowest vs highest score; global P-value. 



performance thus also might significantly affect biostatistical 
results; this potential bias also was the main reason why the 
authors decided not to perform multivariate analyses within this 
explorative investigation. 

Skin rash as a frequent side-effect developing during erlotinib 
treatment is known to correlate with a longer survival in advanced 
PC (Moore et al, 2007). Thus, a molecular marker that could serve 
as a (pre-treatment) predictor for rash would be a valuable tool for 
treatment selection. However, none of the six EGFR pathway 
biomarker analyses within this translational substudy showed a 
correlation with the occurrence of rash (Table 5). 

The question arises how to move forward in PC translational 
research: most of the data that increased our understanding of 
molecular resistance and molecular predictors for efficacy of anti- 
EGFR agents were derived from well-conducted trials in CRC and 
NSCLC (De Roock et al, 2010; Wheeler et al, 2010). Nevertheless, a 
translation of these results into PC will not be appropriate, mainly 
because of the fact that PC represents a genetically complex 
malignancy, which is based on multifactorial aberrations. Besides 
the EGFR pathway, molecular predictors for the efficacy of 
cytotoxic agents such as gemcitabine (e.g. hENTl) seem promising 
and a new avenue of research also identified peritumoral stroma 
(e.g. SPARC) as a relevant target in PC treatment (Farrell et al, 
2009; Von Hoff et al, 2011). Most importantly, translational 
research projects should be included in all well-designed ongoing 
and future PC trials: only with a prospective collection of adequate 



tissue, the use of standardised and comparable molecular methods 
and innovative biostatistical models prognostic and/or predictive 
biomarkers may also be established in PC. 

In conclusion, the explorative translational substudy on AIO- 
PK0104 demonstrated that translational research with FFPE 
tumour tissue is feasible also in PC multicenter phase 3 trials 
and that KRAS and PTEN may have a role as biomarkers 
associated with treatment outcome in erlotinib-treated patients 
with advanced PC. Validation of these results within other PC 
randomised trials (investigating anti-EGFR and other novel 
targeted and cytotoxic agents) is urgently awaited. 
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